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dicholormethane/triflucreacetic acid (3:7) mixture.
after 60 minutes the sclution was concentrated. The
compound was further purified by gel filtration on a
LE~20 column eluting with methanol/methylene chloride
{(5:1). VYield 0.7%g. Analysis. <Caled. for N, 0.28.
Found: N, 0.10.

gsvnthesis of CHO- {CH,CH,G)  ~CHLCH, - NE-CO~CH, ~ON,

1. BooNHOCH,COOH
PYBOP/DIEA
MPEG~NH, = e o > MPEG~-0=~CH,CH,~NH=CO~CH,ONH,

mPEG~5000~anine (2.0g, 0.4 mmol) and Boc-
aminoxyacetic acid (0.2g, 1.0% mmol) were digsolved
in 20ml dichloromethane. Benzotriazole-l-yl-
oxytripyrrolidinophosphonium hexafluorophosphate
{1.1g, 2mmol) was added followed by
diisopropylethylamine (0.7ml, 3.9 mmol}. The
reaction was stirred for about 72 hours at room
temperature after which time cold ether was addead,
and the resulting precipitate was collacted by
filtration, washed, and dried. Half of the sollected
precipitate was paced in a
dicholormethane/trifluorcacetic acid (3:7) mixture.
After &0 minutes the solution was concentrated. The
compound was further purified by gel filtration on a
LH~2¢ column eluting with methancl/methylene chloride
{5:1). The vesulting yellow precipitate was taken up
in water and was treated with decolorizing carbon.
»fter about 24 hr. the decolorizing carbon was
filtered, and the clear filtrate was concentrated.
The residus was dissolved in dichloromethane, dried
with sodium sulfate, filtered, and the filtrate was
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treated with cold ether. A white product was
obtained. Yield ©.5g. IR: (C=0): 1676. Analysis.
Caled. for M, 0.85. Found: N, .50,

gsvnthesis of CH,0~{CH,CH,0) ~CH.CH,=0~CO-CH, ~ONH,

1. BoCNHOCH,COOH
PyBOP/DIEA/ DMAP
FPEG=CH  mmom oo o o e > MPEG-O~CH,CH~0~CO~CHONH,

mPEG=5000~alcohol {(2.0g, 0.4 mmol) and Boo-
aminooxyacetic acid (0.2yg, 1.05 mmol) were dissolved
in 20 ml dichloromethane. Benzotriazol-i~yl-
oxytripyrrolidinophosphonium hexaf lurophosphate
{1.1g, 2mmol) was added followed by
diisopropylethylamine {0.7ml, 3.09 mmel}). The
reaction was stirred for about 2 hours at room
temperature after which time dimethylaminopyridine
{(0.244g9, 2 mmol) was added. After about four days
oold ether was addad, and the resulting precipltate
was collected by filtration, washed, and dried. The
precipitate was taken up in water and was treated
with deceolorizing carbon. After about 24 hy. the
decolorizing carbon was filteved, and the clesr
filtrate was concentrated. The residue was dissolved
in dichloromethans, dried with sodium sulfate,
filterad, and the filtrate was treated with cold
ether. Analysis. Caled. for N, 0.28. TFound: N,
0.14,

" Half of the collected precipitate was placed in a

dicholormethane/trifluoreacetic acid {2:1) mixture.
After 30 minutes the scolution was concentrated. The
compound was further purified by gel filtration on a
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LE~20 column eluting with methanol/methylens chloride

{(5:1). Yield 0.3g. TIR: (C=0): 1734.

Svnthesis of CH.Q-{CH,CH.O) ~CH.CH,~CH{QOH) ~CH,~ONH,

0 1. BOGNHOCH,COOH
TP EG = CHm CHym e oe oo e > MPRG~0-CH,CH,~CH (OH) ~CH,~ONH,
Z. TFA

mPEG~-5000~epoxide (1.0g, 0.2 mmol) was dissolved
in 10ml O.1iM NadOH. t-Butyl N~hydroxycarbamate (0.534g,
4 mmel) was added. After vunning the reaction
overnight the resction mixture was extracted with
dichloromethane. Sodium sulfate was added and was
filtered., Cold ether was added the dichloromethane
solution, and the resulting precipitate was collected
by filtration, washed, and dried. The compound was
further purified by gel filtration on a LH~20 column
eluting with methanel/methylene chloride {5:1). The
protected wPEG-derivative (0.25g} was placed in a
dicholormethane/trifluersacetic acid (1:1) mixture,
After 30 winutes the solution was concentrated and
taken up in dichloromethane. The compound was
isolated by precipitation from ether. ¥Yield 0.2q9.
IR: {O-H}: 3447. Analysis., Caled, fox N, 0.28.
Found: N, 0.21%.

gynthegis of CH.O~{CH,CH,O) »CH,CH,=C0-CH, —ONH,

1. DMSO/AC,O
BPEG~0~CH, CH,~CH{OH} =CH,~ONH~BOQ  —=w~mommmeee >

| mPEG-O-CH,CH,~C0=CH,~ DNH,



pAY

15

20

25

2110543

MPEG-0~CH,CH,~CH {OH) ~CH,~ONH~Bos  (8.3g, ©.8 mmol)
was piaced in 3 ml dry dimsthyl sulfoxide followed by
the addition of 2 ml dry acetic anhydrids. The
reaction went for about 24 hr. at room temperature
after which time cold ether was added. The resulting
precipitate was collected by filtration, washed and
dried. The product was placed in a
dicholormethane/trifluorcacetic acid (1:1) mixture.
After 30 minutes the solution was concentrated. The
compound was isclated by precipitation from cold
ether., Yield 0.18g. IR: (C=0): 1898. Analysis,
Caled. for N, D.28. Found: N, 0.20.

synthesis of mPEG-Ornithines Senmicarbazide

nPEG-5000-amine (5.0 g, 1. mmol) was dissolved
in 5 ml dry wethylene chlovide and 10 ml dry
dimethyiformamide was added. Fmoc~Orn{Bog)~0Pfp {3.1
¢, 5 mmole) was added. After 1 hr. at room
temperature the sclution was concentrated. Water was
added to the residue, and the solution was filisred,
centrifugred, and filtered to remove the disparsed
solid in the agueousz solution. The filtered agueous
selution was concentrated, and the residue was taken
up in methylens chloride and was dried with sodium
sulfate. The solution was filtered. The filtrate
was treated with cold ethesr. The resulting
pracipitate was colleced by filtration, washed, and
dried. Yield 3.3 g. IR: {C=0):1713, 1680. The Fmoc
group was removed by treating the compound with 253%
piperidine {in methylene chloride} for 30 min., Cold
ether was added to the solution to precipitate the
mPEG-derivative. The precipitate was collected,
washed, and dried. The free alpha amino group vas
acetylated by dissolving 1.4 g of the mPEG~derivative
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with 3 mi methvlene chioride and adding 1 ml acetic
anhydride., After about 1.7 hr. at room temparature
the sclution was concentrated. The resulting solid
wag treated with trifluocrcacetic acid in methylens
chioride (3:%) for 1 hr. at room temparature. The
solvent was removed and resuliting oil was taken up in
methvlene chlcoride and c¢old ether was added. The
precipitate formed was collectad, washed, and dried.
Yield 1.1 g. IR: {C=0): 168%. The mPES~derivative
was dissclved in 3 »l dry methylene chloride and
triethylamine (0.54 ml, 3.84 nmmole} was added
fellowed by 1 ml phosgene in toluene (1.22 mmole) and
an additional 2 ml dry methylene chloride. The
reaction went overnight at room temperature after
which Time the solvent was removed. The residue was
dissolved in 3 ml dry methylene ¢h loride and 0.2 ml
hydrazone (5.76 mmole} was added. Dry methanol was
added until the scolution became clear (3.4 ml}).
After 4 hr. at room temperature the solution was
clarified by centrifugation and was concentrated.
The compound was purified by gel filtration on a LH-
20 column eluting with methanocl/methylene chloride
{5:1). Yield 0.7 g. IR: {C=0}: 1&75,

The invention having been descriked, the
following axamples are offered by way of
illustration, not by way of limitation, of the

subiject invention.

EXAMPLES
Modification of EPO (Hydrazids Method)
In a typical experiment, EFC {0.5-1.0 mg}

(obtained from Ortho Bictach} was placed in 100 mM
sodium acetate, pH 5.6, total volume 0.786 ml.
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Enough 10 mg/ml solution of sodium pariodate was
aaded to give a final concentration of sodium
periocdate at 10 mMol. The oxidation went for 30 min
at 0°C in the dark after which time 0.33 ml 580 mMol
Na,50, was added. After 3 min ithe solution was
concaentrated and washed thres times with 100 mMol
sodium acetata, pH 4.2 in a microconcentratoer. After
the final concentration the oxidized EPO solution was
prought up to 1.0 ml with 100 mM sodium acetate.
mPEGS000~-hydrazide {50 mg) was added to the oxidized
EPO. The mixture was stirved over night at room
temperature. The WPEGS000-EPQ was purified by gel
filtration using a Sephacryl S5-200-HRE column (I mm X
4% mm} eluting with a phosphate buffer containing
0.05% sodium azide. The amount of mPEG modifying EPO
wag determined by HPLC gel filtration using a either
a Zorbax® SF~250 or GF-4%50 column using a 0.1 M
phosphate buffer, pH 7. From &-12 molecules mPEGS
were found to be attached to each molecule of EPOC.

Modification of EPQ {Semigarpazide Method)

The sane procadure as above for the hydrazide

method was performed, except the reaction time for
oxidation was decreased to 5 minutes and a decreased
amount of wmPEG~semicarbazide (10 mgy) was used
compared to the amount of wPEG-hydrazide (50 ng).
Even with the decreassd oxidation time and less nPEG
added, more ({(about 18} mPEC molecules were attached
o EPO. If longer oxidation times (15 min) and nore
mPEG~semicarbazide is added, around 30 mPEC molecules
can be attached to EPD depending on the melecular
weight of wmPEG used. Thus mPES-semicarbazide appears
to be more reactive than mPEc-hydrazide and attaches
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many nore WFES molecules to EPO than mwPEG~hydrazide
is able to under similar reaction conditiens.

A comparison of the effect of modifying EPC with
mPES on either the carbohydrate groups or onh the
amino acid side chains is shown in Fig. 1.
analytical HPLC gel filtration conditions are the
same as described above. The chromatogram of
unmodifisd EPC is presented in Fig. la. A single
peak with a retention time of 10.5% win is found.

When EPO is modified with mPEGS000 on its
carbohydrate groups (Fig. 1ib), a single largs peak
with a retention time of 9.4 ninutes is seen for ths
unpurified reaction preduct. When EPC is reacted
with a succinimide ester of wmPEGS000 which reacts
with the side chain of lysine, a heterogsneous
mixture of reaction products is obtained (peaks from
7.% = 10.2 minutes). A similar hetercogensous pattern
for mPES modification using succinimide coupling to
es¥F-1, interleukin-2, and f-interferon has been found
{U.8. Pat No. 4,847,325 and 4,9117,888), There are
also meore low molecular welght impurities present
with succinimide coupling {Fig. 1i<). Active ester
coupling using succinimide derivatives of mPEG has
been the preferred method for attaching mPEG teo
proteins [Mucci, M.L., Shorr, R., and Abuchowski, A.
{19981} Adv. ﬁfug Delivery Rav., &, 133-151}. EPQ wvas
also derivatized with mPEGS500 using the abova-
described semicarbazide method, see Figure 4 for
results of biological experiments. The above~
described semicarbazide method was also used to
obtain EPO modified with mPEG1I2000 {sse Figure 3} and
EFS modified with mPEG2000 (see Figure 10}.

EPO also was podified with thiosemicarbazids,
hydrazide carboxylate, and carbonic acid dihydrazide
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derivatives of WPEG. ‘These derivatives of mPEG
performed like the semicarbazide derivatives of wPEG
in that high levels of coupling mPEG to EPO could be
obtained using thasse derivatives when compared to the
hydrazide derivatives of mPEG. Other conditions for
the oxidation of EPO can be used such as inoreased
temperature, increased concentration of sodium
periodate, and increased or decreased reaction times
as long as these oxidatlon conditions do pot impair

the biclogical activity of EPO.

Iarce-~Scale Modification of EPC (Semicarbazide ox
Carboxylate Hydragzide Method)
EEC (12.0mg) {ebtained from Ortho Riotech) was

placed in 100 wmM scdium acetate, pH 5.5, total volums
1.2 ml., Sodium pericdate (0.215 ml) at a
concentration of 40 myg/ml was added. The oxidation
went for 20 minutes at 0°C in the dark after which
time 0.02 ml of ethylene giycol was added, and the
admixture stirred for 10 minutes at 0°C. The
oxidized-ERPC was purified by gel filtration using a
Sephadex® $-25 column {2.% cm X 3 cm} and eluted with
100mM sodium acetate buffer, pH 4.3. Eluted oxidized
EPQ {10-11ml} was pooled. wPEGS00O semicarbazide
(100 mg) was added to the purified oxidized EPD. The
mivture was stirred overnight at reoom temperatursa.
The MPEG-5000 EPO was purified by gel filtration
using a Sephacryl® 5-200-HR column eluting «ith
buffer consisting of 0.2M NaCl, 0.02 M sodium
sitrate, ©0.025% sodium azide, pH 7.0.

The above modification was repeated using 200 ng
of WMPFEGS5000 semicarbazide. Reactivity was about 22
WPEC molecules per molecule of EPO.

The apove modification was repeated em?loying

half the amount of the reactants as specified
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hereinabove, using 200 mg of carboxylate hydrazide.
Reactivity was about 30 mPEC molecules per molecule
of EPO.

Modification of BP0 {Oxime Method}
A. [WEEG~-CH.CH,~NH-CO-CH,~ONH,
The sama procedure as above for the large-scale

semicarbazide mathod was performed. Howaver, instead
of addition of nPEGCS000 semicarbazide, mPEGSO00-CHZ-
CH2-NH~CD-CH,~ONH, {50 mg} was admixed with 2.15 ml of
oxidized EPD at room temperature overnight. The
WPEGSC00~ERC was purified by gel filtration using a
Sephacryl® $-200~HR column eluting with buffer
consisting of 0.2M NaCl, 0.02 M sodium citrats,
¢.025% sodium azide, pH 7. &bout 31 molecules of
mPREGS000 were found to be attached to zach molecule
of EPO as determined by HPFLC gel filtration using a
Fhenomanex Bicsep-8ec~S4000 column (30 ¢cm X .017 om}.
A minor fraction consisting of 25 molecules ol wPEG~
EPOG was alsc isolated, and was used for bilelogical
testing. See Figures 16, 18 and 13.

B. @mPEG-0~-CH.CH,»NH-CQ-ONH,
The above modification of EPO was repsated using
MPEG~0~CH,CH,~NH~-CO~0ORH,. About 18~-1% molecules of

WPRECS000 wers Ffound to be attached to each molmcule
of PEC as determined using the methods as in
modification A above. Biclogical data is shown in

Figures 16, 18 and 19.

C. [PEG-O—~CH,CH,~OKH,
The above modification of EPO was repeated using
BPEG~0~CH,CH,~ONH,. About 17 molecules of MPEGSG00

were found to be attached to sach molecule of PEG as
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determined using tha methods as in modification A
above. Twoe minor fractions of 22wPEG, 12mPEG vere
also isolated{Flgure 17, 18, 19%}.

D. mPEG-0-CH,CH,~CO~0ONH,

The above modification of EFO is repeatad using
+he PEG~oxime derivative mPEG=-0-CH,CH;~CO~ONH,. About
3 molecules of mPESS000 were found to be attached to
each moleculs of EPG, as determined using the methods

ag for modification A above.

E.,  WPEG~0-CH,CH,~CH {0OH) ~CH,-ONH,

The above wmodification of EPC is rapeated using
the PEG-oxime derivative RPEG-0-CH,CH,=CH{OH} ~CH,~ONH,.
About 31 molscules of WPEG5000 were found to be
attached to each molecule of EPO, as datermined using

+he methods as for modification A akove.

¥, WPEE~0=CH.CH ~NH-CS-ORH,
The sbove modification of EPO is repeated using

the PEG-oxime derivative mPES-0-CH;CH,~NH-CS~ONH,.
About 4 molecules of mPEG5000 were found to be
attached to each molecule of EPFO, as determined using
the methods as for modification & above.

Bivlogical Activity of mPEG-EPQO

The WPEC-FPO derivatives were assayed for
biclogical activity in vive by measuring the increase
in erythrocytes generated after injection of the
modified protelin {Egrie, J.C., strickland, T.W.,
Lane, J., hoki, K., Cohen, A.M., smalling, R., Trail,
., Lin, F.¥., Browne, J.X., and Hines, D.K. {1986}
Tamunobiol., 172: 213-224). Briefly, mice {female
cp~-1, eight wesks old) were injscted aithayr
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intraperitoneally or subcutanscusly with 0.4 ug
protein once a day for two consecutive days. Blood
was withdrawn on predstermined days for hematocrit
readings.

The in vivo biclogical activities (hematocrit
ievels) of the mPEG-EPOs linked via hydrazide
derivatives of WPEG is presented in Figures 2, 4 and
5 and Tables I and II. To summarize the findings,
Figures 2 and 5 ghow that the optimal number of wPEG
coupling is not obvious and has to be determined by
gynthesis and biclogical testing in order to give ths
best mPEG-EPC. Figure 4 compares mPEG coupling using
hydrazide and semicarbazide linkers. Higher and
longexr hematocrit levels for mPEG-EPD could be
obtained using the semicarbaszide linker. The
observed results are due, in part, to the higher
level of incorporation of wPES which could he
obtained using the semicarbazide linker. Table I
shows the biological activity of the nPEG-EPOs a8 a
function of the number of wWFESs incorporated and the
molacnlar welight of mBEG used.

Table I summarizes the biological activity of
differant hydrazide mPEG-EPOs comparing molecular
weight of nmPEG used and the amount of nPEG coupled.

Table II shows a comparison of the different
mPEG hydrazide linkers used. Table II summarizes the
wiological activities of EPO modified with different
®PEG5000-hydrazide derivatives where optimal amounts
of WPES wers incorporated. Mot all the carbohydrate
wPEG~derivatives give the same biological activity
when coupled to EPOC due to the inability to
sufficiently couple an optimal amount of mPEG or
other factors. Biological activities ave the best

values obtained for each linker.
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TABLE ¥

Tabis I: Biologlcal Activity of Dlfferent mPEG-EPQOs
Molocuin Duration of Activity
FmPEGSs Coupled ® Walnhl mPEQ Max, Homatootit {363 floistive fo EPQ {(Days)®e®

15 2000 a0 14

& ¢ 000 £3 8

128 £000 81 ¥
18 §000 61 18-

22 BOLO 81 B3

24 S000 58 i3

28 5000 54 14

; 17 8006 58 18
128 85600 54 ¥
4 20 800 58 14
i 84 3508 47 7
: 88 42000 &4 7
14 32000 B3 11
: 29 12000 51 7

® Az Dstermined by Size Excluslen Cliromstagraphy

*  Blologloal Aszay Desoribed & Exparlmential Ssclien

3 e Davg fiom EPC Maximum Hematoesit Leve! {48 ua Dy 4) Requliad to Reasch EPO's Maxbnum
Hematooelt Lavel After Altdiniag s Own Baximum Hematoorlt Levet

& Hydsazide Linker Used. Al Others Ussd Semicarbazide Linkse,

ase,
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Table i Biclogioal Activily of mPEGSO00.-EPOs Comparing Ditferent Carbohydrate Modifylng mPEG-Linkers

Duretion of Astivity

mPEa-Links? thax, Hemaloort (%} ° Retative to EFO (Cays)®”
CHs~(OCH:GH;W&GH@«CO-NHNHz {Hydrazids} 54 -3
CHSn{QCHzﬁHz}wNH-CQxNHNH& {Semicarbazide) 3] 29
CHso{QCmCHﬁ}arMH-CSeNHNﬁz {Thipssicareanida) 58 44
CN&«(&BCHSGM)»NH»C&NHNH-&:O-NHNH& {Carbonty Asid Dihydrazide) 57 32
CHQ»(O{:H?CHE)H'Q‘CQ«NHNHQ {Hyoraside Carboxylate, 23 mPEGe) &0
CH&»(GCH:@H;MNH@D»Gsm-?e ribiME {Arythygrazide} 52 7

s figlegionl Assey Dgscoribad in Expsrimental Sestion
s Days from EPD Maximum Hemalesrit Lovel ([48% on Day 4} Reguirad o Rasch EFCH Maximum Rematoorit Level Allay

Ausining lig Own Maximum Homatoorit Levs!
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The hematocrit levels for EPSC and mPEGS000-~-EFRGs
in mice are presented in Fig. 2. The 12ZPEG-EPO was
made by coupling wPEG5000-hydrazide and reflects the
maximum incorporation which could be achieved by this
wPEG derivative under the experimental conditions
given above. The 18PEG and 28PEG EPOs were made by
coupling with mPEGSC00~semicarbazide. The
semicarbazide derivatives of nPEG result in much
better biological activity than the hydrazide
derivatives of nPEG due to the larger amounts of mPEG
which can be incorporated using this mPEG derivative.
All three mPEGS000-EPOs show increased maximum and
prolonged activity when compared to native EPO. Thus
nodification of a protein’s carbohydrate groups with
PEG can yield a much more potent therapeutic protein.

For additional data on the effects of various
RPEG hydrazide-modified EPOs employed in the
experiments on hematocrit levels, see Figures 8-15.
The mPEG modified EPO employed in the sxpsriments
dapicted in Figures 8-15 were prepared using the
appropriate water-soluble polymer reagent essentially
as described for the other mPEG modified EPO
molecules used the experiments depicted in Figures 2-
5.

The in vivo biclogical activities {hematocrit
levels) of the mPEG-EPOs linked via oxime~forming
derivatives of mPEG is presented in Figures 16 and
17. To summarize, Figure 16 compares mPEC coupling
uming WPEG~O-CH2CH2~-NH~-CO~ONH2 (MA%) and mPEG-O-
CHZCH2 ~NE-CO-CH2~0ONH2 (PC"} linkers. Higher
hematoorit levels of mPEG~EPO could ke obtained using
the ®A" linker (corresponding to Formuls XXX herein}
having 18 mPEG molecules per molecule of EPC as
compared to the ¥C* linker {corresponding to Formula
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XXXITI herein) having 21 mPEG molecules per molscule
of EPO. Alsc notable was the higher hematocrit
activity of the YC¥ linker {Formula XXXIIX herain}
having 25 mPEC molecules per molecule of EPO as
compared to the same linker having 31 molecules of
BPEC per molecule of EPO,

Figura 17 compares wPEG coupling using MPEG-O=
CH2CH2-ONH2 (formula XXIIIy ("B") linker at 22, 17,
and 12 mPEG molecules per molecule of EPG. Highest
hematocrit levels are obtained at the lowest degree
af pegylation, and hematocrit was decreased inversely
proportional to degrse of pegylation. In 311 mPEC
linkers using mPEG~O~CH2CH2-CRNH2 oxine derivative
however, hematocrits were higher and of incraased
duration as compared to native EPO.

Especially noteworthy is the biological activity
of the 12mPEC~EPO of formula XXIII. Hydrazids
derivitized 12 WPEG~EPRO produces neither the degres
nor duration of hematocrit elevation as that of the
oxylamine derivitized EPOC.

Antibody binding to mPEG-EPQ
The antigenicity of the wPEG~EPCs was determined

by using the Clinigen™ erythropoietin (EPQ) EIa test
xit. Briefly, the assay consists of a micro titre
plate coated with a monoclonal antibody to EPO. EPO
or mPEG~-EPC is allowed to interact with the coated
plate, After washing the plate a labeled polyclonal
antibody to EPQ is incubated on the plate. After
substrate development the plate is read.

The results of the TLISA assay for hydrazide
derivatized EPC, are presented in Figure 3. The
mPEG~EPOs are presented as the approximate nunber of

wPECs attached for a given molecular welght of mPEG.
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For example, 12PEG-S5k means about 12 mPEG wmolesules
of @ molecular weight of about 5000 were coupled to
each molecule of EPD. The data indicates that as the
mumber of nPEGs coupled to EPQ are increasedé the
antigenicity of the protein is decreased. Similarxly
as the molecular weight of nPEG is increased, the
antigenicity, i.e. the binding of the antibody, of
the modified EPC also is decrsased. Reacting
onidized EPO with a hydrazide derivative of mPEG dld
not reach the high coupling levels seen with
semicarbazide, thiossnicarbazide, and carkonic acid
dihydrazide PEG derivatives and thus could not give
the large decreases in impunogenicity as seen with
these other mPEC derivatives. Decresasing the
antigenicity of a protein correlates te a decrease in
the immunogsanicity of a protein as well, Thus
nPEG-EPO coupled to the carbohydrate groups of EPO
may raduce any potential lmmunogenicity related to
the protein with those derivatives of npPEG able to be
coupled at high levels being the wmost effective.

For additional ELISA data with wPEG hydrazide
derivatives see Figure 6.

The resulis of the ELISA assay for oxime
derivatized EPO are presented in Figure 18. The data
ingdicates that as the number of aPEGs couplad to EPO
ares increased, the antigenicity of the protein ie
decreased. Reacting oxidized FPC with a linker that
resulted in comparatively low coupling levels (18
PEG~R, 17 PEG~B, 12 PEG-B) did not give the large
decreases in immuncgencity as seen with the
conparatively high coupling level formulations (22
PEG~B, 25 PREG~C, and 31 PEG-C. DNote that thase
differences in a linksrfs ability to decrease
immunogenicity appear to bes determined largely based
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on the coupling level {e.g. compare 13 PEG-B and
22PEG~BY . Thus, mPEC coupled to carbohydrate groups
of EPO through oxime linkages may reduce potential
immunogencity related to the protein, with those
derivatives of mPEG able to be coupled at high levels
being the most effective.

Modification of Horseradish Peroxidase: Comparison

of Hyvdrazide Versus Semicarbazide Coupiing

Horseradish peroxidase (HRP) is a glycoprotein
enzyme (oxido-reductase). HRP was modified with
either WPECS5000-hydrazide or mPEGSOOO-semicarbazide
in order to see whether ancther glycoprotein besides
EPO could show the difference in modification between
the twoe different carbohydraite modification reagents.
in a typical experiment, horseradish peroxidase (2
mg) was placed in 100 nM sodium acetats, pH 3.6,
total wvolume 0.8 ml., Enough 10 mg/ml selution of
sodium periodate was added to give a final
concentration of sodium periodate at 10 mMol. Ths
oxidation went for 1% min at 0°C in the dark, after
which time 0.33 ml B0 mMol NazZSO3 was added. After 35
minutes, the solution was concentrated and washed
three times with 100 mMol sodium acetate, pH 4.2, in
a micro concentrator. The oxidized horseradish
peroxidase solution was then split in half, with one
half receiving mg PEGS000-hydrazide and the other
half receiving 30 mg WPECS5000~semicarbazide. The two
oxidized horseradish peroxidase solutions wers then
stirred overnight at room temperature. The extent of
PEC modification was determined by HPLC gel
filtration using a Zorbax™ GF=-250 column using. a 0.1
¥ phosphate buffer, pH 7. The mPEGS000~-hydrazide
modified horseradish peroxidase had approximately 7
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PEC molscules/HRP; the mPECS0CO-semicarbazide
modified horseradish peroxidase had approximately 19
PEG molecules/HRP., Thus modification of horseradish
peroxidase with PEG being attached to its
carbohydrate groups is wore effective using a
semicarbazide daerivative of FEG than a hydrazide
ander the sama experimental conditions.

Half-~Life Determinations

Half-Life experiments wers done in male Sprague-
Dawlay vats weighing about 0.3 kg, Three rats were
usad for sach compound. The sxperimental details are
as follows. FEach rat was injected 1V {intravenously}
with 1 pg EPO or mPEGC~EPO. For the hydrazide
derivatized mPEG~EPO, the mPEG-EPO used was mPEGH00
semicarbazide~-18, prapared essentially as described
in the section above on EPO modification with
semicarbazides. Blood was withdrawn from sach rat at
2, §, 1%, 45, 80 minutes and 3, &, 24, 48, 54 howur
time points. The blood was collected in heparinized
tubes, and the plasma was isolated. The isclated
plasma was tested for EPFOC piclogical activity in an
EPO dependent cell preliferation assay. The in vitro
assay employed used an FDC-P1/ER cell line. This
murine cell line incorporates the EPO receptor and is
dependent on EPO for growih. The assay was
performed as follows. The cells were grown {(106/ml)
in the absence of EF0 for 24 hr aftex which time
either EPO or nPEG-EFC at different concentrations is
added to the cells. The cells were incubated for 42
hr, and then tritiated thymidine was added to the
cells., After 6 hr the cells vere harvested and
counted. Cell growth was determined by the "increased
up-take of thymidine. Results are given in figure 7.
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The EPQ dependent cell proliferation assay was
performed as described above using oxime-derivatized
mPEG~EPC. Results are gliven in Figure 19.

In Vive Assav:  Anemic Mouse Model

in this assay mice ars rendevaed anemic by
injections for five consecutive days with TRF-alpha.
To overcome the anemia the mice were injected 8C
{subcutanecusly) with eithexr EPO or wmPEG-EPO (at 0.03
py/dosa) over the same five days or on just two of
the five days that the wics receive TRF-alpha.
Results are given in figure 15,

Foguivalents

All publications and patants mentioned in the
above specification are herein incorpovated by
reference. The foregoing written specification is
considered to be sufficient to enable one skilled in
the art to practice the invention. Indesd, various
modifications of the above-dascribed modes fox
carrying out the invention which are cohviocus to those
skilled in the field of molsoular blology or related
fields are intendad to be within the scope of the
following claims.
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The embodiments of the invention in which an exclusive
property or priviiege is claimsd are defined as
folliows:
i. & compound having the formulas
Q
P-¥~C=X
wherein X is O or §; @ is selected frow the group
consisting of -NHNH,, and ~CH,~NHNH,; and Y is
selectad from the group consisting of ~0-, =0CH~, -
N¥e~, ~NHNH-, -~0-CO~OH,CH,~ and ~NHCO~N-NHNH~; and P is

a water-soluble polymer.

2. A compound according to <«laim 1, sald
compound belonging to thse group consisting of,
a compound having the formula:

(1} Pe0=CH,~CO-NHNH, ,

a compound having the formulas

(TX) P-0-CO-NHNH,,

a compound having the formula:
(fI1) P-NH~CO-NHNH,

a compound having the formula:s
{1V} P-NH~CS~-NUNH,

a compound having the formulas
{V} PeNHCO~-N-NHNHCO-NHNH,

a compound having the formula:
(VI) P~NHNHCONHNH,,
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a compound having the formula:

{(VII}P-NHNHCENHNH,,

a compound having the formula:

(VIII}P~NH-00~CH,~NHRH,;, and

a compound having the formula:

{IX} P-0-CO—~CH,CH,~CO-NHNH,,

¢t
g

3. A compound according
compound having the formula:

(11} P=0=-CO-NHNH;,

4, A compound according to
compound having the formula:
{I¥I} P-NH-CO-NHNH,.

5. A compound acoording to

compound having the formula:
(IVY P~NH~CS~NHNH,

& A compound according to
compound having the formula:
{V}) P-NHCO~-N~-NHNHCO~-NHNH;.

7. 2 compound according to
said polymer is selected from the

polysthylens glycol homopolymers;

claim 2, said

claim 2, =aid

claim 2, said

claim 2, saild

Claim 2, wherein
group consisting

polypropylene

glycol homopolymers, copolyrers of ethylens glycoel

of

with propylene glycol, whersin said homopolymers and

copolymers are unsubstituted oy substituted at ons

end with an alkyl group, polyoxyethylated polyols,
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